INTRODUCTION
reported that abilities of diploid fibroblasts derived from seven species of mammals to perform unscheduled DNA synthesis (presumed to represent the capacity of excision-repair) after ultraviolet (UV) irradiation were correlated well with the maximum life span of the species.
Based on the assumption that UV is a good model insult which mimics the normally occurring DNA damage, they postulated that the potential for DNA repair may be one factor in determining the life span of mammalian species. While their report has encouraged speculations on the cause of ageing in relation to DNA repair (Price et al. 1971; Williams 1976) , it has left some basic questions unanswered.
For example, the number of species studied may be too small to generalize for the nearly 5,000 species of Mammalia and the assumption that all diploid mammalian cells have similar DNA content may not necessarily be correct (Bachman 1972; Manf redi Romanini 1973) .
These questions prompted us to reinvestigate the ability of unscheduled DNA synthesis following UV-irradiation in a large number of mammalian species in reference 1)
2) 
MATERIALS AND METHODS
Cell cultures. Sample specimens were obtained from 34 species in 11 orders of mammals as listed in Table 1 . Most cultures were derived from lung tissues of adult animals whose exact ages were unknown, and used at their earlier passages. The culture of the giant anteater was established from the epidermis. Rat kangaroo cells were from the established cell line, Pt-kl, derived from the kidney. In the cases of the wallaby and the mouse, the cultures were established from both lung and epidermis. The extent of unscheduled DNA synthesis in the skin and the lung cultures were comparable.
Human diploid fibroblasts were derived from a female embryo.
DNA repair synthesis. Unscheduled DNA synthesis was assessed by the following method : Exponentially growing cells on coverslips were treated with fluorodeoxyuridine (0.1 mM) for 1 h, washed with buffered saline and exposed to UV light (predominantly 254 nm) emitted from a 20 W germicidal lamp. Cells were then incubated for 4 h in media containing 5aCi/ml 3H-thymidine (spec, act. 12.6 Ci/mM) and fixed with 3 :1 methanol to glacial acetic acid after vigorous washes with buffered saline. Coverslips were coated with autoradiographic emulsion (Sakura, NR-M2) and exposed for 3 to 4 weeks before development.
Silver grains were counted exclusively in small-sized, non-S nuclei.
Those exhibiting morphological characters of G2 nuclei, such as condensed chromatin or localised distribution of silver grains in the nucleus were ommitted from the score.
DNA content. The DNA content was determined cytophotometrically (Olympus, MMSP) in Feulgen-stained cultured cells. Few days after cells became confluent, they were harvested by trypsinization, fixed in a mixture of 20:1 methanol-glacial acetic acid and air-dryed on slides. They were then submitted to hydrolysis in 6 N HCl at 22°C for 10, 20, 30, 40 and 50 min to determine the optimum time for hydrolysis, which was found to differ considerably from species to species. Time courses of hydrolysis in 12 species are shown in Fig. 1 . Hydrolysis condition showing the highest Feulgen-stain intensity was chosen in each species for further measurements of Feulgen absorption.
Sixty nuclei were measured for each species. In some cases, DNA content of the spleen and the thymus lymphocytes were chemically determined using diphenylamine (Davidson 1944) .
RESULTS
Genome size. Average arbitrary value of Feulgen-stain intensity at the 2C level is regarded as the relative amount of DNA per diploid nucleus for a given species, and presented in Table 1 for the 39 species studied.
Genome size in each species is computed as per cent of human genome. In order to confirm these findings, the bat and the house mouse were compared biochemically using lymphocytes.
First, the frequencies of 2C and 4C cells in the whole lymphocyte population were determined cytophotometrically, which were 0.928 and 0.072 in the bat and 0.904 and 0.096 in the house mouse.
DNA content/10' cells determined biochemically was 30.4 ig and 48.8 g in the bat and the mouse, respectively.
From these, DNA content/10' 2C cells were calculated as 28.8 ; ig for the bat and 44.5 ig for the house mouse. Thus, a ratio of bat/mouse is 0.636 which agrees fairly well with the ratio of 0.595 obtained by cytophotometry.
Repair potential and life span. As a preliminary experiment, cells were grown in media containing 2 x 10-3 M hydroxyurea for 1 h, rinsed with fresh medium and exposed to UV light. After irradiation, cells were grown in media containing hydroxyurea and 3H-thymidine for 14 h before harvesting. The proportionality of repair potentials among the three species studied was essentially the same as that shown in Fig. 2 , so that the method described earlier in the Materials and Methods section was employed in all subsequent experiments for its simplicity. Our study shows no correlation of repair potential to life span as reported by other workers (Hart and Setlow 1974) . For example, the maximum life spans of the tree shrew, Tupaia glis, the crabeating monkey, Macaca irus, and man are 5.5 (Biology Data Book 1972), 15.5 (Lee 1964 ) and 110 (Comfort 1964 ) years respectively.
As seen in Fig. 2, all show the same degree of repair potentials in spite of such large differences in life spans.
In Table 1 are presented data for the extent of unscheduled DNA synthesis in the fibroblasts of the 34 species studied after 10 Jm-2 UV irradiation.
Four or five species were examined simultaneously with human cells which were used as reference. The number of silver grains in non-S nuclei in the unirradiated culture was subtracted from the experimental group, the net value being expressed as per cent of human. The net number of silver grains in the irradiated human non-S nuclei varied from 50 to 80, depending on the experiment.
Fifty nuclei were scored for each species. Observed values of unscheduled DNA synthesis were corrected for genome size using human DNA content as the basis of comparison (Table 1 ). This correction method may cause an overestimate of the effect of the genome size differences on the assessment of repair potential. The correction implies that the nuclei in the autoradiographs are perfectly flattened so that the difference in the nuclear volume is directly proportional to the nuclear area. Corrected values for repair potentials of all the species are plotted against their life spans on a semilogarithmic scale as seen in Fig. 3 . It is obvious that the majority of the species does not show correlations between the two parameters. The case of the primates is the best example as mentioned earlier.
Another example against the stated correlation is the case of chiropteran species.
The reported maximum life spans of bats range from 15 years to 24 years (Biology Data Book 1972) . The ability of their fibroblasts to perform unscheduled DNA synthesis is only 10-30% that of human and this is almost the same as that observed for the insectivores, which are known to be the most short-lived mammals, 1.5 years (Biology Date Book 1972) . The repair potential of the giant anteater is also about 20% that of human, whereas its life span is reported to be 24.5 years (Biology Data Book 1972) . It is of interest to note that all of these animals are phylogenetically related.
DISCUSSION
In the present study, five (shrew, mouse, rat, golden hamster and man) of seven species (above five plus a cow and an elephant) studied by Hart and Setlow (1974) were examined.
In spite of the differences in the experimental system as mentioned earlier, uncorrected values for unscheduled DNA synthesis of these mammals are comparable with those obtained by these investigators.
It is intriguing that the two artiodactylis examined here show values (if uncorrected for DNA content) localized on or near the presumptive correlation line in Fig. 3 , as reported for the cow in the previous report (Hart and Setlow 1974) . Considering the existence of many other exceptions, the correlation between the repair potential and the life span in these animals cannot be taken as a general attributes of the mammals. It should be emphasized that the present study cannot be taken as a precise reexamination of the previous report (Hart and Setlow 1974) for the following reasons: 1) Diploid fibroblasts employed were mostly derived from the lung rather than the skin; 2) Precaution was not taken to use animals at the similar gerontological ages; 3) Experiments were carried out without the use of hydroxyurea; and 4) The presence of mycoplasma was not ascertained.
Therefore, it remains to be determined whether these different experimental approaches could seriously affect the conclusion drawn from the present study.
Furthermore, most data are based on cultured cells derived from only one donor so that variations in repair capacity among individuals, if any, can readily invalidate the conclusions drawn from the present work.
Of particular interest, however, is the finding that the UV repair potential tends to be similar within an animal group while it fluctuates randomly among groups. This may imply that the solar UV is no longer a selective pressure for the maintenance of the mechanism of excising pyrimidine dimers in the course of mammalian evolution, hence permitting such random variations in the UV repair potential. If so, UV may not necessarily be a good model insult of "normal wear and tear" in cellular DNA of mammals.
However, in no case, cells were observed to completely lack the UV repair ability.
This may be due to close linkage of the repair mechanism to such crucial processes as replication and/or due to diversion of the UV repair mechanism to repair other types of DNA damage that would occur in mammals far more frequently than the pyrimidine dimers.
Finally it has to be noted that repair processes other than excision repair has been known to exist, namely post-replication repair and photoreactivation. If the process of ageing has any connection with repair process, these repairs should also play roles. Without considering these, generalization based on only one type of repair in a small number of species could not be free from oversimplification.
Hart and his colleagues (1979) themselves have mentioned in their recent paper that any single form of DNA repair does not provide proof of a cause-effect relationship in the process of ageing.
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